Objective: To determine in a systematic review, whether interventions for infant development that involve parents, improve neurodevelopment at 12 months corrected age or older.
Introduction
Although survival among premature infants has improved over the past two decades, 1 the long-term morbidity of survivors remains of serious concern. Follow-up studies of preterm survivors into the school years, consistently find reduced cognitive performance and increased behavioral problems in these children. 2, 3 Although the etiological pathway of this is uncertain, it is most likely to be of multiple origin. Organic pathology from neonatal sequelae (including bronchopulmonary dysplasia, brain injury and severe retinopathy of prematurity) can predict later neurodevelopmental impairment. 4 Environmental factors at any time may also contribute, whether during neonatal intensive care unit (NICU) care, 5 subsequent home environment (stemming from maternal age, ethnicity, socioeconomic status), [6] [7] [8] [9] and parentinfant interactions. Interactions with parents may be compromised for premature infants for several reasons: the emotional response of parents to preterm birth, an altered parental role as a noncaregiver in the nursery, the infant's characteristics, the NICU environment and the prolonged parent-infant separation. [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] Early experience can modify the anatomy of the rapidly developing brain, 20 which implies that early intervention may alter developmental paths and improve health, educational and social outcomes. 21, 22 This has prompted the use of early interventions for preterms, aimed at different targets in the complex interplay of biology and environment influencing development. Historically, initial interventions were purely sensory based and focused on providing external stimuli; 23 while in contrast, later interventions aimed to minimize the stress of the NICU environment (developmental care). Later still, the recognition of the importance of the caregiving environment was broadened to target interventions including parents. There remains no clear consensus on the efficacy of any of these interventions for preterm children. 21, 24 A recent review assessed post-discharge early developmental intervention for preterm infants. 25 However, this review did not focus on interventions involving parents. This review aims to determine whether early interventions aimed at either teaching parenting skills, and/or involving parents in the hospital care of the preterm, improve either short-term and school-age neurodevelopmental outcomes of premature infants. By this definition, developmental care and kangaroo care were included in this review if they clearly stated that the intervention directly involved the parents. Issue 2, 2006) were searched using the following MeSH headings: infant, premature; or infant, low birth weight (BW); or neonatal intensive care unit; and early intervention, child development, follow-up studies, parent-child relations, maternal behavior, visitors to patients, family, parenting, family-centered nursing and family-centered care (textword). No language restrictions were applied. All potentially relevant titles and abstracts were retrieved and assessed independently by two observers for eligibility. The reference lists of relevant articles were reviewed, and reference articles were retrieved if these were not obtained by the primary search. In addition, each article was examined for its keywords, which were re-entered into a new search. An expert in neonatal follow-up reviewed the study list for completeness.
Studies were selected for inclusion based on the following a priori inclusion criteria; (a) the participants were preterm infants (less than 37 weeks gestational age) or <2500 g at birth; (b) the intervention aimed to improve the development measured by standardized scales of infants development (c) the intervention involved the parents (d) the onset of the intervention was in the first 12 months of the infant's life (e) the study design was a randomized or a quasi-randomized controlled trial in which the intervention program was compared with routine care/nonintervention controls.
The primary outcome of interest was long-term neurodevelopmental outcomes, whether at 12, 24, 36 months and 5 years. We reviewed articles to see if they included age-appropriate standardized scales, as measured by any of the following: the mental (MDI) and psychomotor (PDI) developmental indexes of the Bayley Scale of Infant Development 26, 27 (BSID or BSID-II), the Griffiths Mental Development Scale 28 (Griffiths) 32 No statistical adjustments are made in this review for these measures, as each outcome measure is population-based and provides comparison normative data for children in each of the studies.
We specified two a-priori subgroup analyses, according to neonatal risk and the type of intervention. For neonatal risk, we defined high-risk infants as: infants with brain structural abnormalities (periventricular leukomalacia, grade III or IV intraventricular hemorrhage and so on), special sensory abnormalities (retinopathy of prematurity, blindness, deafness), specific motor abnormalities (cerebral palsy) or chromosomal abnormalities. Correspondingly, low risk was defined as infants with the absence of these above criteria.
The second subgroup pre-specified three broad groups of interventions: Developmental Care of a specific type known as Newborn Individualized Developmental Care and Assessment Program (NIDCAP), or kangaroo care, or any other developmental interventions. NIDCAP programs, involve regular and formalized observations of the infant before, during and after caregiving procedures to evaluate the infant's tolerance to the environment and caregiving activities. This individualized assessment is used to make recommendations to support the infant. 33 Only studies that followed formal NIDCAP certified protocols were included here, as they specify parental involvement to be a part of developmental care.
Methods of the review
This systematic review followed the Cochrane Collaboration methodology in the guidelines of the Neonatal Review group. 34 The methodological quality of included studies was assessed using the following criteria: allocation concealment, blindness of intervention, completeness of follow-up and blinding of outcome assessment. Follow-up was categorized as X85 or p85% of participants included at the last follow-up. Data were extracted on the study design, participants, outcome measures and results, and intervention specifics, such as type of intervention, its timing, duration and intensity, the setting of the intervention and parental involvement. The assessment of methodological quality and extraction of the data of all included randomized controlled trials was performed independently by two reviewers. All disagreements were resolved by discussion with a third-party reviewer not participating in study assessment. If additional information or clarification was required, authors were contacted.
Data synthesis and statistical analysis
Extracted data were analyzed using Review Manager software (RevMan 4.2) provided by the Cochrane Collaboration. Metaanalyses were performed using the random effects model for continuous data, as in the BSID scale, using weighted mean difference (WMD) with 95% confidence intervals (CIs). Neurodevelopment scores were obtained from comparable tests (normative data from population tests had a mean of 100 and standard deviation (s.d.) of 15/16). This assumption is based on the fact that there is an analogous normal distribution spread in the childhood population, with a standardized mean of 100 in the scales, 35 an approach that has been used previously. 2 Therefore, the WMD was used to combine studies to compute an overall mean difference between the intervention group and the control group. The random effects model was used to include both within-study sampling error (variance) and between-studies variation in the assessment of the uncertainty of the results of the meta-analyses.
Heterogeneity was tested using Cochran's Q test (w 2 ) and the I 2 statistic. A P-value of <0.1 was considered significant. We tested a priori hypotheses that might explain heterogeneity of study results, including high-versus low-risk infants, and type of intervention.
Results could not be analyzed by study quality due to incomplete reporting in the included trials. Publication bias was assessed using a funnel plot.
Results

Identification of relevant studies
Our search identified 629 citations; of which 108 articles were potentially relevant from the abstract, and 72 articles met the inclusion criteria ( Figure 1 ). Two trials were obtained from reviewing the reference lists of relevant articles. 36, 37 These quasirandomized studies alternately assigned infants to intervention and control groups. They were not found by the initial search, because MEDLINE does not classify these as randomized controlled trials. The term 'touch' (MeSH) was added to the search strategy after the articles were examined for their keywords. This search retrieved four kangaroo care studies. [38] [39] [40] [41] One trial was presented at the 2005 meeting of the American Pediatric Society and was included in abstract form, which has not been published in full. 42 Of the 72 articles retrieved, only 25 trials reported our primary outcome of interest and were included in this review. 36,38,42 -73 References for all studies which were not included for analysis can be obtained from the authors and are summarized in an Appendix.
The 25 eligible trials were readily divided into three pre-specified distinct categories of intervention: developmental care of a specific type known as NIDCAP (n ¼ 5 trials), [42] [43] [44] [45] [46] [47] [48] [49] kangaroo care (n ¼ 1 trial) 38, 50, 51 and other developmental interventions (n ¼ 19 trials). 36, Of these, the first two categories involved in-patient care, whereas the third was applied in hospital and/or at discharge from hospital.
Multiple reports of the same study were included in this systematic review only if each report provided additional relevant outcome data. The 25 included trials were reported in 37 articles. One study was reported twice 55, 56 and five interventions were reported at different ages or for different outcomes for the same cohort. 38, [46] [47] [48] [49] [50] [51] [52] [53] [62] [63] [64] [65] [69] [70] [71] [72] The Infant Health and Development Program (IHDP) was a large trial included in the category of 'other Developmental Interventions.' Twelve additional articles reporting randomized analyses from the IHDP are also summarized in an Appendix. Non-randomized analyses (n ¼ 13) were also reported on the IHDP and were excluded from this review.
Funnel plots did not show any asymmetrical pattern on visual inspection.
Description of studies Outcomes. A large number of outcomes were examined across the trials, and many studies did not discuss the reliability and validity of the several various measures used. This report will discuss only our primary outcome, neurodevelopment. The full characteristics of the 25 eligible studies reporting on neurodevelopmental outcomes are reported in the supplementary information. The differing outcome measures reported in these trials are summarized in an Appendix, which is available from authors. Figure 1 Profile of articles in this systematic review. RCT, randomized controlled trial.
Participants. In total, 3509 children were evaluated in these 25 trials, which enrolled between 24 to 985 infants. Participants ranged in degree of prematurity (means ranged from 25.45 to 35.6 weeks gestational age), BW (means ranged from 785 to 2606 g) and health status (see Supplementary Table S1 ). Trials generally excluded infants with chromosomal abnormalities, congenital infections, major neurological problems, serious pathology and history of maternal drug abuse. Three trials had inclusion criteria that specified a disease state, such as bronchopulmonary dysplasia or cranial abnormalities (that is, grade III/IV intraventricular hemorrhage and/or periventricular leukomalacia). 61, 68, 73 Finally, there were study variations in the socioeconomic status of parents, where two studies (Widmayer et al. 77 and Brown et al. 58 ) selected only preterms born to teenaged, lower socioeconomic status, black teenage mothers.
Types of interventions. The intervention programs were diverse and varied in regards to period of application, intensity, setting and parental involvement (see Supplementary Table S2 ). However, these were all eligible, as all studies involved either teaching/ enhancing parent's skills and/or involving parents in aspects of care for their infant. Of these trials, five involved the formal certified NIDCAP intervention; one involved kangaroo care; the remainder incorporated a variety of other developmental interventions. The period of applied intervention varied from as long as up to 3 years of age, to as short as the in-hospital stay ending at discharge from the NICU. Intensity of interventions ranged from daily to monthly. Eight studies evaluated interventions performed within the NICU/hospital, eight in the home and/or center, and eight of the interventions studies were performed in the NICU in combination with the home and/or center.
Methodological quality. Methodological quality was assessed for allocation concealment, blindness of intervention, completeness of follow-up and blinding of outcome assessment. Authors were contacted for additional information and/or clarification; however, only the IDHP provided a response. Few studies described the method of randomization in detail. Only three studies 38, [50] [51] [52] [53] [62] [63] [64] [65] reported clearly adequate concealment, while in the remainder of the studies this was unclear. Owing to the inability to blind the initial intervention, a blinded assessment of outcome was considered important to minimize bias, and in 21 36 ,42 -44,46 -49, 52-56,59 -77 of 25 selected studies, blinding of the outcome assessment was specifically undertaken. However, only four studies 38, 43, 50, 51, 59, 60 succeeded in capturing X85% of outcome data at the last point of follow-up.
Neurodevelopmental outcomes. Data allowed meta-analyses at 6 months (6 trials), 12 months (12 trials), 24 months (7 trials for BSID-MDI or Griffith equivalent, and 4 trials for BSID-PDI), 36 months (2 trials) and 5 years (3 trials). These studies were pooled in random-effects meta-analyses and the results are reported by the age at assessment in Table 1 .
We discern two trends of interest in the data. The first finding is that the meta-analyses showed a modest overall trend towards a benefit in favor of the intervention group at the ages of 12, 24 and 36 months with a more consistent effect upon MDI, but not on PDI.
Second, there is a tendency for the effect size favoring the younger age group to dissipate over time. Although the use of differing age appropriate scales make direct comparison inferential, it appears that between 24 and 36 months of age there is a peak effect, which then wanes by 5 years to statistical insignificance (see Figure 2 ). In particular, this is shown by the IHDP [62] [63] [64] [65] and the Avon Premature Infant Project (APIP) studies. 52, 53 APIP followed infants in the Avon area of the United Kingdom to an age of 5 years, whereas the IHDP study is the only report of follow-up of interventions in the infant period up to the age of 18 years.
Pooling studies available at 36 months showed that the WMD in a population of 961 infants was 9.66 (95% CI, 5.01 to 14.31) in favor of the intervention group. This is both a clinically significant and a statistically significant finding. This finding, however, is reduced to insignificance at the age of 5 years, seen in amalgamation of the data from three studies 49, 53, 63 Four studies reported BSID mean scores, but did not report the standard deviation. 51, 56, 75, 77 These four could not be pooled without assuming that the standard deviation of the BSID, based on population norms, was similar in these studies. Five studies had more than one intervention arm or divided the results into two infant subgroups. The results for the two intervention arms or infant groups were pooled in the meta-analysis for three studies. 36, 52, 55 The results from the infants in the very low BW and intraventricular hemorrhage group from Nelson et al. 68 and the group that received the 'Brazelton/Mother's Assessment of Behaviour of her Infant Scale' from Widmayer et al. 77 were used in the meta-analyses. One study measured the Griffiths scale at 12, 24 and 36 months but only reported scores at 36 months. 60 These results were not pooled with the Stanford-Binet and McCarthy at 36 months due to conceptual differences in the intent of the scales.
Heterogeneity analysis. Differences between the studies included infant demographics (BW, gestational age), the intervention (method, period, intensity) and the setting (in-hospital or home). In addition to this clinical diversity, methodological variations were also present. The meta-analyses for BSID-MDI at 12 and 24 months showed distinct statistical heterogeneity (BSID-MDI or Griffiths at 12 months: w 2 ¼ 40.4, df ¼ 11, P<0.0001; BSID-MDI or Griffiths at 24 months: w 2 ¼ 22.8, df ¼ 6, P ¼ 0.0009), whereas for the other pooled analyses, statistical heterogeneity was not present (BSID-MDI at 6 months, BSID-PDI at 24 months) or not as obvious (BSID-PDI at 6 and 12 months, McCarthy and StanfordBinet at 36 months, WPPSI-R and British Abilities Scale at 5 years). To explain some of the heterogeneity, we performed subgroup analyses for different baseline risks and different types of intervention. However, statistical heterogeneity remained.
Subgroup analyses. The results of the pre-specified subgroup analyses are presented in Table 2 .
High-and low-risk infants. Only three of the included studies specifically studied high-risk infants. 61, 68, 73 Data were only available at 6 and 12 months for meta-analysis. A similar range of effects was found, where in general positive findings in the BSID-MDI outweighed the effects in the BSID-PDI (see Table 2 ). All other studies included infants classified as low-risk infants. Four studies were pooled at 6 months, and 11 studies were pooled at 12 months (n ¼ 11 for BSID-MDI and 8 for BSID-PDI). Again there was a trend toward a greater WMD for BSID-MDI compared with the BSDI-PDI at 12 months (5. Types of developmental intervention. There were two trials on NIDCAP that allowed pooling at 12 months. Similarly, the positive findings at 12 months in BSID-MDI outweighed the effects in the BSID-PDI. At 12 months the WMD was 13.27 (95% CI, 2.51, 24.03) in favor of the intervention group for BSID-MDI and 2.27 (95% CI, À11.34, 15.89) for BSID-PDI. There was only one trial of kangaroo care, and this reported a benefit at 6 and 12 months for BSID-MDI. For the other interventions, the range of effects measured from 12 months to 5 years, peaked at 24 months for BSID-MDI (WMD, 7.43, 95% CI, 3.12, 11.75) compared with a WMD of 3.28 (95% CI, À1.94, 8.50) for BSID-PDI at the same age, and by the age of 5 years had decreased to insignificant differences (see Table 2 ).
Discussion
We interpret the results of this systematic review, as showing an overall positive effect from a variety of differing strategies aimed to promote child development in preterm populations. It is of interest that an early positive effect is found lasting up to 36 months, following interventions to boost parental involvement in preterm infant development. These conclusions support the widespread belief that a child's early experiences are important for healthy development. Early intervention for environmentally at-risk and for biologically impaired infants has received broad support for many years. Vulnerability for the preterm infant may occur in both these areas.
This review only addresses our primary outcome of standardized child development outcome scales up to the age of 5 years. Neurodevelopmental ability is only one of many possible outcome Figure 2 Meta-analyses results for mental performance scores.
Early interventions for premature infants JA Vanderveen et al measures. The lack of a longer sustained advantage seen in this meta-analysis only reflects this outcome measure that we chose a priori. For example, the BSID may not be a strong predictive marker of later school-age IQ outcome. 78 It is possible, however, that other outcomes might be more robust and not lost over time. Although the studies contained several additional differing outcomes, these would be very difficult to sensibly pool. These other outcomes include: medical outcomes, behavioral competence, temperament, Home Observation for Measurement of the Environment (HOME), health status, social interaction, incidence of child abuse, outcomes of family function and parent emotional outcomes (all outcomes measures are available in an Appendix).
The largest single study ever performed of a developmental intervention involving parents, the IHDP, also found an attenuation of effects from the age of 3 to 18 years. However in that study, there was a preservation of cognitive differences in the a priori specified subgroup of infants >2000 g BW. Although an attenuation of IQ occurred from an impressive 14 points at 3 years to only 4 points at 18 years, other measures including the Peabody Picture Vocabulary appeared to be stable up to 18 years. 65 Recently, Spittle et al. 25 arrived at similar conclusions as in this analysis, although their review included a total of 16 studies, while we were able to include 24 studies. The different selection of studies probably reflects differing criteria, in that that their focus was not purely on interventions involving parents.
We acknowledge the limitations of this meta-analysis. One of these is that we have combined differing therapeutic maneuvers. However, the maneuvers fall into three categories of interventions: NIDCAP, Kangaroo care and an education-supportive-stimulation in-hospital and/or post-discharge package, each with a specific component of parental involvement. The heterogeneity of the studies is also apparent in the populations. The studies described range from before the modern era of neonatology (marked by the introduction of surfactant) to the current period. In addition, rather diverse infants are included in terms of BWs and gestational age. Although since the a priori subgroup analysis for effects shows similar findings in both lowrisk infants and high-risk infants, this concern is ameliorated. On the whole, the methodological quality of the studies is low. Nonetheless, two very large and rigorously done studies (APIP and IHDP) showed an overall similar findingFan early impact followed by a late wane of positive results. 52,53,62 -65 . Different scales of neurodevelopment were pooled (BSID, BSID-II with the Griffiths, McCarthy with the Stanford-Binet, WPPSI-R with the British Abilities Scale). These scales measure slightly different aspects of neurodevelopment abilities. The first three are early childhood neurodevelopmental measures that focus on mental development, but are not intelligence scales. The Stanford-Binet, McCarthy and WPPSI-R are all intelligence tests with overall comparative scores. 31 Although the measurement tests vary, we chose to pool results using the principle of the tests that normative ranges centered around 100. 35 This approach was used previously in pooling child development data. 2 We combined the study results despite clinical, methodological and sometimes statistical heterogeneity, to provide the best estimate of the treatment effect for preterm interventions with a common thread of parental involvement. Pending further studies that may explain the differences between results, the pooled results remain the best available estimates of the treatment effect of early interventions involving parents.
We considered that a 5-point difference in measurement would be of likely social-clinical significance. This cutoff was argued forcibly by Vohr et al. 79 as being of considerable societal and individual benefit, when considering potential benefits of breast feeding to extremely low BW infants.
As preterm children are more likely to require special assistance in school compared with term children, 3 maneuvers that may reduce this burden are potentially important. With the interventions pooled, significantly higher scores for neurodevelopmental outcomes were found at 12 and 24 months with the BSID-MDI or Griffiths, and at 36 months with the McCarthy or Stanford-Binet. If these scores are, despite some concerns, 78 predictive of school-age cognition, the results of this review may have subsequent educational and social consequences. On the basis of these projections, the results of this meta-analysis may have significant impact on long-term outcomes of the premature survivor.
That these positive effects are larger in the dimension of mental performance (MDI or Griffiths), rather than physical performance (PDI) points to potentially different aetiologies involved. The mental developmental scales (BSID-MDI or Griffith) assess the child's level of cognitive, language and personal-social development. The PDI scale assesses the child's fine and gross motor skills. Our results found a more consistent effect upon MDI improvement than PDI. In the APIP study at 5 years, tests of motor development, such as the Movement ABC test, 80 were not improved by the intervention. These results may be partially explained by the types of interventions evaluated in this review. These interventions focused on enhancing the early parent-infant relationship, improving the home environment through parental education, parent coping, as well as infant stimulation. Some programs aimed to improve motor skills; however, the majority of studies focused on cognitive development and parent-infant interactions. Even if the intent of motor therapies may have been to stimulate motor development, they may unwittingly have actually been more effective in enhancing parent-child relationships.
The diminution of positive effects to a statistically and clinically insignificant difference by 5 years has serious societal implications. This could be argued in two completely opposite ways. Proponents of various intervention programs will argue that this reflects either an intensity, or a duration issue and that the various interventions are inadequate or required for longer. This is supported by more sustained effects at age 8 years being present in children with high attendance at community center-based education. 81 Critics of these same programs may argue that these interventions are highly expensive and not cost effective. 64 However, since follow-up of 65% of the IHDP children at age 18 years show improvements in some measures (Woodcock-Johnson Test of Achievement in math, Youth Risk and Behaviour Surveillance System; and the Peabody Picture Vocabulary Test-III), it may be too early to conclude that the overall cost effectiveness is of dubious benefit. 65 The findings of this systematic review and meta-analysis show the importance of early intervention and teaching parents skills and/or involving parents in the care of the preterm for enhancing child development. Further research is required to determine the most effective interventions for environmentally at-risk and for biologically vulnerable infants. It remains of great importance to identify effective interventions to improve the long-term outcomes of this vulnerable population and their families.
